INTRODUCTION
Ionophores are used in the beef industry to alter ruminal bacteria by modifying the movement of ions across biological membranes (Schelling, 1984) . Similarly, ionophores function in swine by acting on gram-positive bacteria of the small intestine, which allows for improved protein utilization (Dierick et al., 1986 ). Narasin, a polyether ionophore, is approved for use in swine to increase rate of weight gain when fed at 14.98 to 30.0 mg/kg for at least 4 wk in the United States (FDA, 2012) . Polyether ionophores have a hydrophilic interior and hydrophobic exterior; this allows the ionophore to attach to the cell membranes of gram-positive bacteria. The ionophore allows for the transport of Na + , K + , and H + across the cell membrane, leading to an increase in of [H + ] inside the bacterial cell (Russell, 1987) . This inverts the pH gradient across the bacterial cell membrane, making the interior of the cell more acidic than the external environment, 
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The objective was to evaluate the effect of feeding narasin (Skycis; Elanco Animal Health, Greenfield, IN) on growth performance and carcass characteristics of finishing pigs sold in a 3-phase marketing system. Pigs (n = 1,232) were housed in 56 single-sex pens (22 pigs/pen) divided into 2 even blocks based on initiation of treatment. Each treatment × sex combination was replicated 14 times. Pigs were fed either 0 mg/kg narasin (control) or 15 mg/ kg narasin for up to 85 d of finishing (initiated at an average of 52.95 kg BW). In each pen, 18% (4 pigs per pen) of pigs were sold in the first marketing group (Day 64 of dietary treatment), 50% (11 of the original 22) were sold in the second marketing group (Day 78), and 32% (the remaining 7 pigs) were sold in the third marketing group (Day 85). Data were analyzed as a randomized complete block design with pen as the experimental unit. The model included the fixed effects of diet, sex, and their interaction. Block and replicate nested within block were random variables. Carcass data from pigs in marketing group 3 of block 2 was not collected due to inclement weather. Narasin had no effect on growth performance traits (P ≥ 0.15) in phases 1 (Days 1-28) or 2 (Days 29-56), regardless of sex. Barrows fed narasin had a 2.0% greater overall (Day 0-85) ADG than barrows fed the control diet (P < 0.01), but ADG of gilts was not different due to diet (P = 0.69). Regardless of sex, narasin improved (P = 0.03) feed efficiency (G:F) by 1.3% throughout the 85-d feeding period. There were no effects (P ≥ 0.21) of narasin on carcass composition in marketing groups 1 and 2. Narasin-fed barrows in marketing group 3 had 0.9 percentage units lower (P < 0.01) estimated carcass lean compared with barrows fed control diets (51.0 vs. 52.0%); no difference existed in gilts (P = 0.21). This is likely due to narasin-fed barrows of marketing group 3 tending (P = 0.06) to have 7.7% greater fat depth than control barrows of marketing group 3. Pooled effects (across all 3 marketing groups) of feeding narasin tended (P = 0.08) to reduce loin depth by 1.1% (60.00 vs. 60.66 mm), but there were no effects on fat depth (P = 0.24) or estimated carcass lean (P = 0.11). Overall, narasin can be used during the last 85 d of feeding to increase feed efficiency of barrows and gilts with minimal impact on carcass composition. impacting microbial cell homeostasis (Russell, 1987) . This results in a reduction of the proportion of grampositive bacteria. Even though pigs are monogastric, the large intestine produces VFA that provide a source of energy (Argenzio and Stevens, 1984) that increases apparent nitrogen digestibility (Wuethrich et al., 1998) and ultimately improves growth performance. In a commercial setting, feeding 15 mg/kg narasin increased ADG by 1.5%, G:F by 1.8%, and HCW by 1.1% compared feeding 0 mg/kg narasin (Arentson et al., 2014) .
Inherent variation occurs in the BW of finishing pigs within a barn. Therefore, many producers market pigs in multiple groups to minimize the variation in BW, HCW, and carcass lean. Less is known about the effect of ionophores on swine performance and carcass characteristics in a split marketing system. Therefore, the objective was to evaluate feeding 15 mg/kg narasin for up to 85 d on growth performance and carcass composition of pigs sold in a 3-phase marketing system.
MATERIALS AND METHODS
Experimental procedures for this experiment followed the guidelines stated in the Guide for Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 2010) , with the exception of space allocation before the first marketing group to mimic current industry practices.
A total of 1,232 pigs (barrows and gilts; PIC 337 sire × PIC C22 dam; Pig Improvement Company, Hendersonville, TN) were allocated to single sex pens in a 2 × 2 factorial arrangement of treatments in a randomized complete block design experiment. A total of 56 single-sex pens were used and each pen initially housed 22 pigs. Pens were divided into 2 blocks, with block defined as initiation of treatment. The experiment had 2 dietary treatments; a diet formulated on a standard ileal digestible AA basis to meet NRC (2012) recommendations contained either 0 (control) or 15 mg/kg narasin (Skycis is a registered trademark of Eli Lilly and Company, Elanco Animal Health, Greenfield, IN) and was fed for 85 d (Table 1) . Each treatment × sex combination was replicated 14 times. Pigs were housed in a curtain-sided, naturally ventilated total confinement system with fully slatted concrete floors. Pen size was 14.12 m 2 , which resulted in 0.64 m 2 of floor space per pig. Gonyou et al. (2006) reported that at a k-value (k-value = area [m 2 ]/ BW0.667 [kg]) of 0.033 or higher, the growth of a pig is no longer limited by space. The k-value at treatment initiation was 0.0483 (Table 2) . Each pen had a single cup waterer and a 4-hole single-sided box feeder that provided a total of 122 cm of linear feeder space (5.55 cm/pig). Pigs were provided ad libitum access to feed and water for the duration of the 85-d feeding trial.
Treatment diets were initiated when the population reached a mean BW of 52.95 kg for block 1 and 48.18 kg for block 2 and were continued until slaughter (up to 85 d). Pen BW were recorded 2 wk before initiation, at treatment initiation (0 d), and at d 28, 56, 64, 78, and 85 (termination) of the feeding trial (Fig. 1) . Pen weights were recorded on both blocks. All pigs were evaluated by the investigators and considered sound and healthy before enrollment into the trial.
Marketing Strategy
Pigs used in the experiment were sold over 3 different marketing groups ( Fig. 1 ; Table 2 ). In each pen, 18% (4 pigs per pen) of pigs were sold in the first marketing group (Day 64 of dietary treatment), 50% (11 of the original 22) were sold in the second marketing group (Day 78), and 32% (the remaining 7 pigs) were sold in the third marketing group (Day 85).
First Marketing Period. The heaviest pigs in each pen (1 to 4, depending on the number of pigs remaining per pen; adjustments were made to account for morbidity and mortality loss) were marketed after 64 d on the feeding trial. Individual pigs were weighed in block 1, and the heaviest 1 to 4 pigs from each of the 28 pens were selected for marketing based on these individual weights. The heaviest 1 to 4 pigs from each of the 28 pens in block 2 were selected for slaughter based on visual appraisal per the production sites' normal marketing procedure. Pigs selected for slaughter were tattooed, loaded on a truck, and transported to slaughter. Weight for the remaining pigs in each pen was recorded as the initial weight of the second marketing period. Each pen contained 18 pigs (0.78 m 2 floor space; k-value = 0.0383; Table 2) after the first marketing period.
Second Marketing Period. The 11 heaviest remaining pigs in a pen, regardless of rank at the end of marketing group 1, were marketed in the second group after 78 d on the trial. Individual pigs were weighed in block 1, and the heaviest 11 pigs from each of the 28 pens were selected for marketing. The heaviest 11 pigs from each of the 28 pens in block 2 were selected for slaughter based on visual appraisal per the production sites' normal marketing procedure. Pigs selected for slaughter were tattooed, loaded on a truck, and transported to slaughter. Weight for the remaining pigs in each pen (individual weights in block 1 and pen weights in block 2) were recorded as the initial weight of the third marketing period. Each pen contained 7 pigs (2.02 m2 floor space; k-value = 0.0848; Table 2) after the second marketing period.
Third Marketing Period. On day 85 of the trial, all remaining pigs (7 per pen) in the barn were marketed. Individual weights were collected on pigs from block 1 and pen weights were collected on pigs from block 2. All pigs were tattooed, loaded on a truck, and transported to slaughter.
Slaughter Procedures and Carcass Characteristics
Pigs designated for slaughter in each marketing group were transported approximately 150 km to a federally inspected slaughter facility. Pigs were immobilized using carbon dioxide and exsanguinated. Data collected at the time of slaughter included HCW, back fat depth, loin depth, and estimated carcass lean. Carcass measurements were collected using a Fat-O-Meater system (Fat-O-Meater measurements; SFK Technology Fat-O-Meater, Herlev, Denmark) at approximately the 10th rib. Carcass yield (dressing percentage) was calculated by dividing the HCW by ending live weight collected at the farm and multiplied by 100. Estimated carcass lean was calculated using a proprietary plant equation.
Statistical Analysis
Data were analyzed as a randomized complete block design with 2 treatments. Pen served as the experimental unit for all response parameters and the model included the fixed effects of sex, diet, and sex × diet interaction. Block and replicate nested within block were considered random variables. Carcass data from marketing group 3, block 2, was not included in the data set as pigs were unable to make it to the plant on time due to inclement weather. Therefore, analysis for carcass traits in marketing phase 3 included only replicate as a random effect. Least squares means and SE were calculated using the mixed procedure of SAS (SAS Inst. Inc., Cary, NC). Mean separation was conducted using the PDIFF option. Statistical differences were considered significant at P ≤ 0.05 and were considered tendencies at P ≤ 0.10 using a 2-tailed test. Due to the design of this study, no statistical inferences 6 SID = standardized ileal digestible.
can be made on differences among marketing groups. However, due to the nature of the marketing strategy of the U.S. swine industry, it is important to characterize general tendencies across marketing groups.
RESULTS AND DISCUSSION
Growth Performance
Incorporation of ionophores into finishing cattle diets for increased growth and performance has been extensively studied. In a ruminant animal, ionophores work to alter rumen function by modifying movement of ions across biological membranes of endogenous bacteria (Schelling, 1984) . The method by which movement of ions across a biological membrane is modified is ionophore dependent and is usually a result of ionophore structure. Polyether ionophores have a hydrophilic interior and hydrophobic exterior; this allows the ionophore to attach to the cell membranes of gram-positive bacteria. This results in a reduction of the proportion of gram-positive bacteria. In the rumen, this results in an increase in propionic acid and a decrease in acetic and butyric acids (Richardson et al., 1976) . Although pigs are monogastric, their large intestine produces VFA and may provide an important source of energy (Argenzio and Stevens, 1984) , similar to a ruminant animal. Furthermore, swine respond similar to cattle when fed polyether ionophores. Wuethrich et al. (1998) reported that feeding narasin to swine resulted in increased relative concentrations of propionic acid in the large intestine. Feeding narasin also resulted in increased apparent nitrogen digestibility (Wuethrich et al., 1998) .
Overall Performance. The results in the current experiment show a 2.0% increase in overall ADG (0-85 d) of barrows fed narasin compared with barrows fed the control diet (P < 0.01; Table 3 ). No difference (P = 0.69) in overall ADG (0-85 d) was observed in gilts (P = 0.69; Table 3 ). These results differ from previous research in a commercial setting that suggested feeding 15 mg/ kg narasin resulted in 1.5% greater ADG compared with a control diet (0 mg/kg narasin), regardless of sex (Arentson et al., 2014) . Although a response in overall ADG was not observed in gilts fed narasin, pigs fed narasin had 1.3% increased G:F (P = 0.03), regardless of sex. Growth performance (ADG, ADFI, Feed:Gain, and G:F) was not affected (P ≥ 0.15) by dietary narasin inclusion during phase 1 or 2 of the feeding trial.
Marketing Group Performance. In the first marketing group, barrows fed narasin had a greater ADFI than gilts fed narasin (P < 0.01) whereas there was no difference due to sex of pigs in the control diet (P = 0.96). No effects (P ≥ 0.11) of diet were observed for growth characteristics in marketing groups 2 and 3. Although no parallels can be drawn between the treated diet of the current study and other studies that have incorporated a 3-phase marketing system, comparisons between control pigs can be made. The current study, similar to studies by Christianson et al. (2014) and Gerlemann et al. (2014) , marketed pigs of the first marketing group 1 wk after initiation of the third dietary phase (finishing phase) and marketed the second group 2 wk after the first marketing group. However, unlike the aforementioned studies, the current work marketed the final group of pigs 1 wk after the second cut whereas Christianson et al. (2014) and Gerlemann et al. (2014) marketed the final group of pigs 2 wk after the second marketing group. Despite a marketing strategy with similar intervals, there were differences in growth characteristics among the studies.
Carcass Characteristics
Overall pooled effects of all marketing groups suggested little impact on carcass composition due to diet (Table 4) . A tendency did exist for carcasses from pigs fed the narasin diet to have a 1.1% reduction in loin depth when compared with pigs fed the control diet (P = 0.08). However, all other pooled carcass compo- sition traits were not impacted by diet (P ≥ 0.11). No significant diet or diet × sex interactions (P ≥ 0.08) were observed for carcass characteristics in marketing groups 1 and 2. In marketing group 3, a diet × sex interaction existed (P = 0.04) for estimated carcass lean; barrows fed narasin had decreased estimated carcass lean compared with barrows fed the control diet (P < 0.01). This is likely due to the tendency (P = 0.06) for narasin-fed barrows to have 7.7% greater fat depth than control barrows of marketing group 3 (data not presented in tabular form). However, pooled across marketing groups, there was no effect of feeding narasin on fat depth of both barrows and gilts (P = 0.24). Sex Effects. Overall, barrows tended to have 2.18 kg heavier HCW (P = 0.08), 0.50 percentage units less carcass yield (P < 0.01), 1.73 percentage units less estimated carcass lean (P < 0.0001), 2.4% less loin depth (P = 0.05), and 19.1% greater fat depth (P < 0.0001) than gilts. This agrees with previous research where gilts were leaner at the 10th rib but had greater loin depth and estimated carcass lean measures than barrows .
Floor Space
Due to the design of this study, no statistical inferences can be made on differences among marketing groups. However, pigs from the second marketing period have numerically greater ADG than those from the first marketing period (Table 3) . It is interesting to speculate that this might be attributed to allotted floor space per pig. In the current study, removal of the heaviest 18% of pigs in the first marketing group (n = 4 pigs per pen) resulted in an 4.7% increase in ADG, 5.1% increase in G:F, and 4.2% decrease in ADFI in the period between the removal of the first and second marketing groups, regardless of dietary treatment. However, although removal of the second marketing group (n = 11 pigs per pen) resulted in a 159.0% increase in floor space, ADG was decreased by 14.3%, ADFI was increased by 17.0%, and G:F was decreased by 25.8% in the period between the removal of the second and third marketing groups, regardless of dietary treatment.
Previous research has suggested that when floor space is increased by 30% (by removing the heaviest 5 pigs in the pen), a 5.4% improvement occurred in ADG (Gerlemann et al., 2013) , and an 18.8% increase in floor space (by removing the heaviest 4 pigs from the pen) improved ADG by nearly 20% (Gerlemann et al., 2014) . Furthermore, Christianson et al. (2014) reported a 15.9% improvement in ADG and 7.8% improvement in G:F by removing 26% of the pigs from each pen. The aforementioned measures do not account for the size of the pig in the allotted pen space; therefore, it is important to gain an understanding of what factor the size of the animal plays in these growth changes due to marketing group. Gonyou et al. (2006) reported that at a k-value (k-value = area [m 2 ]/ BW0.667 [kg]) of 0.033 or less, pigs experienced reductions in growth due to space limitation. Although, initially, the k-value in the current study (0.0483; Table 2) is less than this level, at the time of removal of the first marketing group from the barn, k-value had been reduced to 0.0260, which may have limited maximum growth potential of the pigs in the pen. By removing the heaviest pigs from the pen (approximately 4 per pen), it allowed for an increase in k-value to 0.0383 and a numerical increase in ADG was observed. Similar results were reported by Christianson et al. (2014) , where growth potential was potentially limited before removal of the first marketing group (k-value = 0.026) but after removal of the heaviest 25.7% of the pigs, the k-value was returned to a level that allowed for maximum growth potential (k-value = 0.033). It has also been suggested that removal of pigs results in increased growth rate as a consequence of increased feed intake and improved feed utilization (DeDecker et al., 2005) . Although space was adequate in marketing group 3 (Table 2 ) and ADFI was numerically the greatest of any marketing group, pigs from marketing group 3 had the numerically poorest ADG and greatest ADFI, resulting in the poorest G:F. Similar to results of Christianson et al. (2014) and Gerlemann et al. (2013) , it is hypothesized in the current study that added space could not compensate for poorer animal efficiency inherent in pigs in marketing group 3.
Implications
Feeding narasin for up to 85 d had little impact on growth performance within marketing group but did increase overall ADG in barrows by 2.0%. Regardless of sex, narasin improved feed efficiency by 1.3% over the 85-d feeding period. Although differences were observed within marketing groups, overall pooled results suggest feeding narasin did not change carcass characteristics of finishing pigs. Therefore, narasin at 15 mg/kg inclusion in a swine diet can be used for the improvement in ADG of barrows and improvement in feed efficiency of both sexes while having little impact on carcass composition. 
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